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1222Objective:Minimally invasive aortic valve surgery by way of a right anterior minithoracotomy has shown ex-
cellent results in terms of mortality, morbidities, and patient satisfaction. The aim of the present study was to
compare minimally invasive aortic valve surgery by way of a right anterior minithoracotomy with conventional
full sternotomy on early outcomes and midterm survival.
Methods: A retrospective, observational, cohort study was undertaken of prospectively collected data from 637
consecutive patients undergoing isolated aortic valve surgery from January 2005 to July 2010. Of the 637 pa-
tients, 192 (30%) underwent minimally invasive aortic valve surgery by way of a right anterior minithoracot-
omy. Of these, 138 patients (right anterior minithoracotomy group) were matched to a control group (full
sternotomy group) using propensity score analysis.
Results: The baseline characteristics were similar in both groups. The overall in-hospital mortality was 0.7%
(2/276), with no difference between the 2 groups. Minimally invasive aortic valve surgery by way of a right an-
terior minithoracotomy was associated with a lower incidence of postoperative atrial fibrillation (25 [18.1%] vs
41 [29.7%]; P ¼ .003) and blood transfusions (26 [18.8%] vs 47 [34.1%]; P ¼ .0006). In addition, patients in
the right anterior minithoracotomy group had a shorter mechanical ventilation time (median, 6 vs 8 hours;
P¼ .004) and postoperative length of stay (median, 5 vs 6 days; P¼ .02). The occurrence of stroke, renal failure,
reexploration for bleeding, and wound infection was similar in both groups. At a median follow-up of 30 months
(range, 17–54 months), survival was 96%  2% vs 88%  4% (P ¼ .3).
Conclusions: Right anterior minithoracotomy in patients undergoing isolated aortic valve surgery is associated
with a lower incidence of postoperative atrial fibrillation and blood transfusion and shorter ventilation time and
hospital length of stay. Prospective randomized trials are needed to confirm our data. (J Thorac Cardiovasc Surg
2013;145:1222-6)Aortic valve replacement (AVR) by way of a full sternot-
omy (FS) is the conventional standard approach in the treat-
ment of aortic valve disease.1 The clinical outcomes after
AVR have improved dramatically in the past decade despite
gradual increases in patient age and overall risk profile. Re-
cent data reported from the Society of Thoracic Surgeons
database showed an overall operative mortality and stroke
rate for isolated AVR of 2.6% and 1.4%, respectively.2,3
Despite these excellent outcomes, several minimally
invasive techniques have recently been developed as
alternative to FS to reduce the ‘‘invasiveness’’ of the
surgical procedure, while maintaining the same quality
and safety of the standard AVR approach.4
According to a recent scientific statement from the Amer-
ica Heart Association, the term ‘‘minimally invasive’’ refers
to a small chest wall incision that does not include a FS.5 Thehe Department of Cardiothoracic Surgery, Fondazione G. Monasterio
Regione Toscana, Massa, Italy.
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The Journal of Thoracic and Cardiovascular Surmost common minimally invasive approach is the upper
ministernotomy. Other less-invasive techniques include
a right parasternal approach from the second to the fourth
costal cartilages, transverse sternotomy, and right anterior
minithoracotomy (RT). Compared with conventional sur-
gery, minimally invasive AVR has been shown to reduce
postoperativemortality,morbidity, and painwhile providing
faster recovery, a shorter hospital stay, and better cosmetic
results.4,7-10 However, data reported from most of these
studies have focused mainly on upper ministernotomy;
few studies have described the outcomes associated with
minimally invasive AVR using a RT. Previously, we
reported our experience with minimally invasive AVR
using a RT and showed excellent surgical results in terms
of mortality, morbidities, and patient satisfaction.11 Never-
theless, comparative studies between RT and FS on postop-
erative outcomes have not been well described. Therefore,
the aim of our study was to compare AVR by way of a RT
with conventional FS on early outcomes and midterm
survival using a propensity matching method.METHODS
This was a retrospective, observational, cohort study of prospectively
collected data from 637 consecutive patients who underwent isolatedgery c May 2013
Abbreviations and Acronyms
AVR ¼ aortic valve replacement
FS ¼ full sternotomy
RT ¼ right anterior minithoracotomy
TAVI ¼ transcatheter aortic valve implantation
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DAVR at our institution from January 2005 to June 2010. The local ethical
committee approved the study, and individual consent was waived. The
data collection formwas entered in a local database and included 3 sections
completed consecutively by the cardiac surgeons, anesthetists, and perfu-
sionists involved in the care of the patients. The exclusion criteria were ac-
tive infective endocarditis, other minimally invasive procedures, including
transcatheter aortic valve implantation (TAVI), and a critical preoperative
state defined as any 1 or more of the following: ventricular arrhythmia,
cardiac massage or aborted sudden death, ventilation before arrival in the
anesthetic room, acute renal failure, and inotropic support. Eighteen pa-
tients underwent TAVI through a transapical approach. The final sample
contained detailed clinical information for 528 patients, of whom 192 pa-
tients (36.5%) underwent AVR by way of RT. The percentage of patients
with aortic stenosis undergoing RT for conventional AVR versus TAVI
was 82.8% versus 3.9%. To reduce the effect of treatment selection bias
and potential confounding in the present observational study, we developed
a propensity score-matching analysis. Thus, 138 patients undergoing AVR
by way of a RT (RT group) were matched to a control group (FS group).
In-hospital mortality was defined as any death occurring during the same
hospital admission for surgery. Atrial fibrillation (AF) was defined by the
documentation of AF of any duration at any point in the postoperative pe-
riod on the basis of a rhythm strip or 12-lead electrocardiogram. Finally,
stroke was diagnosed if evidence was found of a new neurologic deficit
with morphologic substrate confirmed by computed tomography or nuclear
magnetic resonance imaging.
Preoperative Planning and Surgical Techniques
The exclusion criteria for the RT approach were previous cardiac sur-
gery, a history of right-sided pleuritis, and aortic root dilatation. The pre-
operative planning and surgical techniques have been previously
described.11 In brief, all patients scheduled for AVR underwent 64-slice
computed tomography (Toshiba Aquilon; ToshibaMedical System, Tokyo,
Japan) without contrast enhancement to evaluate the anatomic relationship
among the intercostal spaces, ascending aorta, and aortic valve. Patients
were suitable for RTonly if the following criteria were met: (1) at the level
of main pulmonary artery, the ascending aorta was rightward (more than
one half located on the right in respect to the right sternal border); and
(2) the distance from the ascending aorta to the sternum did not exceed
10 cm.
Minimally invasive AVR by way of RT was performed through a 5- to
7-cm skin incision placed at the level of the second or third intercostal space
without rib resection. After excluding the right internal thoracic artery with
a soft tissue retractor (Estech, San Ramon, Calif, or CardioVation; Edwards
Lifesciences, Irvine, Calif), direct aortic cannulation was performed using
Easyflow (Estech) or Straightshot (Edwards Lifesciences) cannulas. A va-
riety of percutaneous venous cannulas such as BioMedicus multistages
(Medtronic, Minneapolis, Minn), Quickdraw (Edwards Lifesciences),
RAP (Estech), or Smartcannula (Smartcannula, Lausanne, Switzerland)
were inserted through the femoral vein into the right atrium, and the correct
position was achieved with the Seldinger technique under transesophageal
echocardiographic guidance. After vacuum-assisted cardiopulmonary by-
pass (40 mm Hg to60 mm Hg) was established, a left ventricular vent
was placed through the right superior pulmonary vein, and the patients
were cooled to 34C. The ascending aorta was clamped with the Cygnet
crossclamp (Novare Surgical Systems, Cupertino, Calif) or with the aorticThe Journal of Thoracic and CarGlauber clamp (Cardiomedical GmbH, Langenhagen, Germany; distrib-
uted by Sorin, Salluggia, Italy),12 and antegrade cardioplegic solution
was given into the aortic root or selectively into the coronary ostia using
warm blood cardioplegia or cold crystalloid solution (Custodiol Koehler
Chemie, Alsbach-Haenlein, Germany). In the control group, conventional
AVR was performed using a FS, and cardiopulmonary bypass was insti-
tuted with the use of ascending aortic cannulation and 2-stage venous can-
nulation of the right atrium. The left side of the heart was vented as
described for the RT group, and myocardial protection was obtained with
combined anterograde and retrograde warm blood cardioplegia solution.
In all cases, the surgical field was flooded with carbon dioxide at a flow
of 0.5 L/min.
Statistical Analysis
Continuous data are expressed as the mean  standard deviation and
categorical data as percentages. The Kolmogorov-Smirnov test was used
to check for the normality of data in the 2 groups before additional analysis.
Differences between the 2 groups were compared with the use of a chi-
square test for categorical variables and the t-test or Wilcoxon rank sum
test, as appropriate, for continuous variables. To reduce the effect of
selection bias and potential confounding, we developed a propensity score
analysis. The propensity for the RTapproach was built using a nonparsimo-
nious multiple logistic regression analysis. All the variables listed in Table
1 were included in the analysis. We used 5 to 1 digit matching to identify
the matched patients. After the propensity score match was performed,
differences between the 2 groups were assessed using the paired t test or
Wilcoxon signed rank test for continuous variables and McNemar’s test
for categorical variables. The results are reported as percentages and
odds ratios, with 95% confidence intervals. All reported P values are
2-sided. Conversions to FS were analyzed as intention to treat. All statisti-
cal analysis was performed with SPSS, version 15.0 (SPSS, Chicago, Ill).RESULTS
Of the 528 patients in the present study, 192 (36.3%) un-
derwent isolated AVR by way of RT (RT group) and 336
(63.7%) underwent conventional surgery (control group).
The baseline characteristics of the study population are
listed in Table 1. Compared with the FS group, the patients
in the RT group were younger, had a smaller body surface
area, and a lower prevalence of hypertension and female
gender. Moreover, patients undergoing RTwere more likely
to have better New York Heart Association functional class.
After performing propensity score analysis for the entire
population, 138 patients undergoing AVR by way of RT
were matched to the FS group. In the matched cohort, the
differences between the RT and control groups in the base-
line characteristics were no longer significant (Table 2). The
baseline characteristics of the excluded RT patients and
their comparison with the RT-matched patients are reported
in Appendix Table 1.
The overall in-hospital mortality was 0.7% (2/276), with
no difference between the 2 groups (0.7%, 1/138 vs 0.7%,
1/138, P ¼ 1). Patients in the RT group had longer cardio-
pulmonary bypass (121.6  45 vs 107.1  32.3, P ¼ .003)
and crossclamping (86.9  31.8 vs 72.1  27.2, P<.0001)
times. Two patients required intraoperative conversion in
the RT group (1.5%), 1 for a paravalvular leak and 1 for se-
vere pleural adhesions. Minimally invasive AVR by way ofdiovascular Surgery c Volume 145, Number 5 1223
TABLE 1. Baseline patient characteristics
Variable RT (n ¼ 192) FS (n ¼ 336) P value
Age (y) 67  12 72  11 <.0001
Female gender (n) 59 (31) 201 (59.8) <.0001
BMI (kg/m2) 1.9  0.2 1.8  0.2 .001
COPD (n) 25 (13) 65 (19.3) .11
Hypertension (n) 130 (68) 283 (84.2) <.0001
Serum creatinine (mg/dL) 1.03  0.3 1.1  0.6 .7
Diabetes mellitus (n) 37 (19) 59 (17.6) .8
NYHA III-IV functional class (n) 49 (26) 121 (36) .02
Ejection fraction (n) 56  7 55  10 .14
Extracardiac vasculopathy (n) 20 (10.4) 54 (16.1) .17
Aortic valve disease (n) .14
Aortic stenosis 90 (47) 166 (49.4)
Aortic regurgitation 40 (21) 49 (16.1)
Mixed 62 (32) 121 (36)
euroSCORE <.0001
Median 5.2 7
Interquartile range 2.5–8.6 4.9–12
Data presented as mean standard deviation or numbers (percentages). RT,Right an-
terior minithoracotomy; FS, full sternotomy; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; NYHA, New York Heart Association; euroSCORE,
European System for Cardiac Operative Risk Evaluation.
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DRT was associated with a lower incidence of postoperative
AF (25 [18.1%] vs 41 [29.7%]; odds ratio, 0.54; 95% con-
fidence interval, 0.3–0.9; P ¼ .003) and blood transfusions
in the intensive care unit (18.8% vs 34.1%, odds ratio, 0.43;
95% confidence interval, 0.22–0.8; P¼ .0006). In addition,
patients in RT group had a shorter mechanical ventilation
time (median, 6 vs 8 hours; P ¼ .004) and postoperative
length of stay (median, 5 vs 6 days; P¼ .02). The incidence
of reexploration for bleeding was 4.3% in the FS group and
6.5% in the RT group (P ¼ .6). In the RT group, the causes
TABLE 2. Baseline characteristics of propensity-matched patients
Variable RT (n ¼ 138) FS (n ¼ 138) P value
Age (y) 69.5  12.4 69.8  11.6 .6
Female gender (n) 58 (42) 54 (39.1) .7
BMI (kg/m2) 1.85  0.2 1.87  0.2 .3
COPD (n) 22 (15.9) 22 (15.9) 1
Hypertension (n) 110 (79.7) 110 (79.7) 1
Serum creatinine (mg/dL) 1.02  0.6 1.02  0.3 .7
Diabetes mellitus (n) 27 (16.9) 33 (23.9) .5
NYHA III-IV functional class (n) 41 (30) 46 (33.3) .7
Ejection fraction (n) 56.5  9 56.5  8 .8
Extracardiac vasculopathy (n) 17 (12.3) 18 (13) 1
Aortic valve disease (n) .9
Aortic stenosis 61 (44.2) 64 (46.3)
Aortic regurgitation 27 (19.6) 27 (19.6)
Mixed 50 (36.2) 47 (34.8)
euroSCORE .2
Median 5.6 5.4
Interquartile range 3–8.1 3–7.5
Data presented as mean standard deviation or numbers (percentages). RT,Right an-
terior minithoracotomy; FS, full sternotomy; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; NYHA, New York Heart Association; euroSCORE,
European System for Cardiac Operative Risk Evaluation.
1224 The Journal of Thoracic and Cardiovascular Surof reexploration for bleeding were medical related to coa-
gulopathy in 5 patients and surgical in 4 patients related
to either some vessels in the subcostal soft tissue (n ¼ 2)
or the suture lines of the aortotomy (n¼ 2). In the FS group,
4 patients required reexploration for bleeding for coagulop-
athy and 2 patients for sternal suture sites. A permanent
pacemaker was implanted in 1 patient undergoing RT and
2 patients undergoing FS. The occurrence of stroke, renal
failure, and wound infection was similar in both groups
(Table 3). In the RT group, 2 patients were discharged
with a mild paravalvular leak; no paravalvular leaks were
observed in the FS group. The postoperative outcomes of
the unmatched patients are reported in Appendix Table 2.
At a median follow-up of 30 months (interquartile range,
17–54 months), the survival was 96%  2% vs 88% 
4% (P ¼ .3) for the RT and FS group, respectively.DISCUSSION
Our propensity-matched study shows that minimally in-
vasive AVR using a RT is a safe and reproducible procedure
associated with a low incidence of postoperative mortality
and morbidity and good midterm survival. Specifically,
we found that patients undergoing AVR by way of RT had
a lower incidence of postoperative AF and blood transfu-
sions and had a shorter ventilation time and postoperative
length of stay compared with those undergoing standard
median sternotomy.
Despite the increasing number of elderly patients and
patients with significant comorbidities, the mortality and
postoperative complications after AVR have improved dra-
matically in the past decade.2,3 However, the development
of new technologies and the improvement in surgical and
anesthetic techniques have made minimally invasive
surgery a safe and efficient treatment option with greater
patient satisfaction.4
Minimally invasive AVR has been shown to decrease
postoperative complications, providing faster recovery,TABLE 3. Postoperative outcomes
Outcome RT (n ¼ 138) FS (n ¼ 138) P value
Mortality (n) 1 (0.7) 1 (0.7) 1
Stroke (n) 1 (0.7) 2 (1.5) 1
Reexploration for bleeding (n) 9 (6.5) 6 (4.3) .6
New-onset postoperative AF (n) 25 (18.1) 41 (27.9) .03
Blood transfusions (n) 26 (18.8) 47 (34.1) .006
Wound infection (n) 0 1 (0.7) 1
Ventilation time (h) .004
Median 6 8
Range 5–9 6–11
Hospital stay (d) .02
Median 5 6
Range 4–6 5–7
Data presented as numbers (percentages). RT, Right anterior minithoracotomy; FS,
full sternotomy; AF, atrial fibrillation.
gery c May 2013
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results, and, consequently, less use of hospital re-
sources.6-8,13-16 In small randomized studies, Bonacchi
and colleagues14 and M€acheler and colleagues15 reported
beneficial effects with minimally invasive AVR on blood
transfusions, mechanical ventilation, and hospital stay.
Murtuza and colleagues,7 in a meta-analysis of 4667 pa-
tients undergoing isolated AVR, demonstrated that those re-
ceiving any minimally invasive procedure might benefit in
terms of perioperativemortality, intensive care unit and hos-
pital stay, and ventilation time, although the crossclamp and
cardiopulmonary bypass times were longer. Similarly,
Brown and colleagues6 have recently confirmed these
data. After performing a systematic review and meta-
analysis of 26 studies and a total of 4586 patients undergo-
ing either ministernotomy or conventional surgery, Brown
and colleagues6 concluded that ministernotomy was associ-
ated with shorter ventilation times, intensive care unit and
hospital stays, and less blood loss within 24 hours. Despite
these positive results, the data reported from most of these
studies have focused on ministernotomy. Few studies have
evaluated the potential advantages of minimally invasive
AVR using the RTapproach. Several case series have shown
excellent results in terms of mortality and postoperative
complications, reporting a low incidence of AF, blood
transfusion, mechanical ventilation, and postoperative
length of stay.11,17,18 However, these benefits were not so
evident when compared with conventional surgery. In
a propensity score matched analysis, Ruttmann and
colleagues19 found no difference in the postoperative early
outcomes, reporting a longer postoperative ventilation time
and a trend toward a greater rate of renal insufficiency in pa-
tients undergoing RT. However, the lack of benefits of min-
imally invasive AVR was probably a result of the greater
proportion of elderly patients in the matched minimally in-
vasive AVR group.19 It is well known that older age is a risk
factor for postoperative AF and renal and pulmonary com-
plications.20-22 In contrast, Sharony and colleagues,10 in
a larger and well propensity matched cohort, found that pa-
tients undergoing minimally invasive AVR by way of either
RT (90% of total) or ministernotomy had a shorter postop-
erative length of stay and a greater proportion of patients
discharged directly home than those receiving conventional
sternotomy. Moreover, our study showed that patients in the
RT group had earlier extubation and a lower incidence of
blood transfusions and new-onset postoperative AF rate.
The smaller incision, preservation of the sternum, and integ-
rity of the costal cartilages would reduce the postoperative
pain, improving respiratory function and triggering less
postoperative AF. Similarly, De Smet and colleagues23
found that minimally invasive AVR was associated with
a lower incidence of AF after AVR. In addition, the less dis-
section of other areas would reduce the risk of bleeding and
blood transfusions, although we did not find any differenceThe Journal of Thoracic and Carin terms of chest reopening. Reexploration for bleeding was
more common than expected in the RT group; however, its
incidence ranges from 3% to 8% according to others.7 Fi-
nally, patients undergoing minimally invasive AVR had lon-
ger cardiopulmonary bypass and aortic crossclamp times
than those who received full sternotomy. This was a limita-
tion of our approach, suggesting that exposure and implan-
tation of the prosthetic valves are more challenging than the
conventional approach. However, we did not found any
complications due to the longer operative times, and our
results are in line with those from previous studies.6,7 The
use of sutureless devices will probably reduce the
operative times, further facilitating and standardizing this
procedure. Because of the outstanding postoperative
outcomes related to the minimally invasive approach, the
RT technique might be considered an alternative to TAVI
for high-risk patients. In a retrospective study, Zierer and
colleagues24 found similar early mortality and morbidities
among patients undergoing TAVI and minimally invasive
AVR procedures. The investigators of the Placement of
Aortic Transcatheter valves (PARTNER) trial25 have shown
the noninferiority of transcatheter AVR versus conventional
surgery in terms of early mortality and 1-year survival.
However, the TAVI procedures were associated with
a greater incidence of vascular complications and an in-
creased hazard of embolic stroke and paravalvular leak-
age.25 In our series, no vascular complications occurred,
and the lower incidence of postoperative stroke and para-
valvular leakage make RT a safe procedure and a potential
alternative to the new growing TAVI technology, which has
not yet been validated at midterm follow-up. More studies
are required to confirm our hypothesis.
Our study had some limitations. It was based on the ret-
rospective analysis of our institutional, observational, pro-
spectively collected database. Propensity score analysis is
simply a method for reducing bias in observational studies
when randomization to treatment groups is not possible, and
thematching was limited by available variables. In addition,
another potential source of bias might be the mindset of
postoperative care team, who, consciously or not, could
treat RT patients differently (fewer transfusions, early extu-
bation and discharge) because of the small incision.
CONCLUSIONS
RT in patients undergoing isolated AVR reduces the inci-
dence of postoperative AF, the need for blood transfusion,
assisted ventilation time, and hospital length of stay. How-
ever, prospective randomized trials are required to confirm
our data.
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groups
Outcome RT (n ¼ 192) FS (n ¼ 336) P value
Mortality (n) 3 (1.6) 5 (1.5) 1
Stroke (n) 1 (0.5) 5 (1.5) .56
Reexploration for bleeding (n) 12 (6.2) 13 (4.3) .3
New-onset postoperative AF (n) 35 (18.2) 96 (28.5) .01
Blood transfusions (n) 31 (16.1) 102 (30.3) <.0001
Wound infection (n) 0 3 (0.9) .5
CPB (min) 123  45 105  33 <.0001
Crossclamp time (min) 89  32 71  24 <.0001
Ventilation time (h) <.0001
Median 6 8
Range 5–9 6–12
Hospital stay (d) .001
Median 5 6
Range 4–6 5–7
Data presented as mean standard deviation or numbers (percentages). RT,Right an-
terior minithoracotomy; FS, full sternotomy; AF, atrial fibrillation; CPB, cardiopul-
monary bypass.
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